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Tuesday, February 28, 2012 551aSLAC1 phosphorylation analyses indicate a new non-linear ABA signaling
core that ensures tight regulation of SLAC1 channels.Excitation-Contraction Coupling II
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MicroRNAs (miRNAs) are small nonprotein-coding RNA molecules that tar-
get mRNAs for translational repression or degradation. Recent studies demon-
strated that miRNA expression levels are substantially altered in heart failure
(HF) and therefore may play a role in the functional abnormalities observed in
diseased hearts. Since miR-129 expression is augmented in HF, we hypothe-
sized that HF-observed changes in Excitation-Contraction Coupling result, in
part, from miR-129-mediated downregulation of specific calcium handling
proteins. Confocal Ca2þ imaging revealed that in electrically stimulated myo-
cytes overexpressing miR-129, Ca2þ transient amplitudes were significantly
reduced compared to controls. In contrast, sarcoplasmic reticulum (SR)
Ca2þ contents assessed by rapid application of caffeine remained unchanged.
Furthermore, kinetic analyses of Ca2þ transient decays suggested miR-129
overexpression does not affect Naþ/Ca2þ exchanger or SR Ca2þ ATPase func-
tion. Voltage-clamp experiments showed no difference in Ca2þ currents in
miR-129 overexpressing and control cells. Additionally, permeabilized myo-
cytes demonstrated no change in Ca2þ spark frequency nor amplitude indicat-
ing no effect from miR-129 overexpression on SR Ca2þ release channel
Ryanodine Receptor (RyR2) function. Detailed analysis of Ca2þ transient
rising phase revealed significant time-to-peak prolongation accompanied by re-
duction in Ca2þ release synchronization in miR-129 overexpressing myocytes
compared with controls. Overall, these data imply that miR-129 overexpres-
sion reduces the fidelity of coupling between plasmalemmal Ca2þ channels
and RyR2s located in junctional SR. Efficient coupling between L-type
Ca2þ channels and RyR2 is facilitated by junctophilins (JPH), proteins tether-
ing T-tubules to SR forming junctional membrane complexes keeping channels
at precise distances. Western blot analyses demonstrated that miR-129 overex-
pression significantly reduced levels of JPH4, a putative target of miR-129.
Therefore, our results suggest that increased levels of miR-129 may underlie
diminished Ca2þ release in HF by downregulation of JPH4 thus altering geom-
etry of the dyadic cleft.
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Key features in the progression from left ventricular hypertrophy to heart
failure include the dysregulation of cardiomyocyte Ca2þ handling and the im-
pairment of contractile function. Knockdown of Nogo-A has previously been
shown to inhibit hypoxia/reoxygenation-induced apoptosis in cardiomyocytes
in part by preventing impairment of intracellular Ca2þ regulation. In this
study, we determined whether altering Nogo-A expression can affect cardio-
myocyte Ca2þ handling and contractility in non-stressed cardiomyocytes.
Compared to control, knockdown of Nogo-A in neonatal rat ventricular
myocytes (NRVMs) significantly increased the amplitude of [Ca2þ]i tran-
sients, increased SR load, and decreased the time constant of [Ca2þ]i decay
(tau) evoked by electrical stimulation. Diastolic [Ca2þ]i, time to peak, and
[Ca2þ]i decay of caffeine-induced Ca2þ release from the SR were not
affected by Nogo-A knockdown. Conversely, over-expression of Nogo-A in
adult rabbit cardiomyocytes significantly decreased the amplitude of [Ca2þ]
i transients, decreased SR load, and increased the time constant of [Ca2þ]i de-
cay. Diastolic [Ca2þ]i, time to peak, and [Ca2þ]i decay of caffeine-induced
Ca2þ release from the SR were not affected by Nogo-A overexpression. In
addition to the impairment of Ca2þ handling, Nogo-A over-expression signif-
icantly decreased sarcomere length (SL) shortening, increased the time to 90%
relaxation (TR90), and decreased relaxation velocity. Contraction velocity was
not affected by Nogo-A over-expression. Overall, alteration of Nogo-A levels
affects cardiomyocyte Ca2þ handling and contractility, primarily by modulat-
ing Ca2þ reuptake into the SR. Together, these data indicate that Nogo-A may
serve as a potential therapeutic target in the treatment or prevention of heart
failure.2803-Pos Board B573
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Ryanodine receptors (RYR) interact with each other through subdomain 6, the
clamp region. This interaction is thought to hold the monomers in a checker-
board orientation and to be the source of allosteric interaction. However, anal-
ysis of 2D electron micrographs acquired from adult rat ventricular myocytes
indicated this is not the only packing strategy. Specifically, a histogram of
RYR2 sizes showed the expected peak at 29 nm, and additional peaks at mul-
tiples of 29 nm. This could only be explained if the monomers were arranged
side-by-side, rather than in a checkerboard. We confirmed this using electron
tomography, obtaining direct en face views of RYR packing. We observed
two strategies within a given couplon; the expected checkerboard and a side-
by-side arrangement. Others, using purified RYR type 1, have identified
a Mg2þ -sensitive packing; a checkerboard in 0 mM Mg2þ, and in 4 mM
Mg2þ a side-by-side orientation that precludes allosteric interaction1. To de-
termine whether the RYR2 packing in vivo was sensitive to Mg2þ, we used
saponin-permeabilized myocytes, clamping the Mg2þ concentration between
0.5 mM (low end of physiological range) and 4.0 mM (ischemia) and observed
that the packing changed from checkerboard to side-by-side as the [Mg2þ] in-
creased. The packing at normal physiological Mg2þ (0.5 - 1.5 mM) reflects
both strategies. Furthermore, the RYR2 monomers could be rapidly rearranged
following a change in [Mg2þ], completing the transition from checkerboard to
side-by-side orientation within five minutes. Consistent with published results,
increasing [Mg2þ] decreased Ca2þ spark frequency in saponin-permeabilized
myocytes2. These results imply that RYR2 monomers within a couplon have
multiple packing strategies and Ca2þ sensitivities, both of which can be rap-
idly altered by local factors.
1. Yin, C. et al, J Mol Biol, 349;538-546, 2005
2. Gusev, K, Niggli, E, J Gen Physiol, 6;721-730, 2008
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Calcium flux thought L-type Ca2þ channels (LTCCs) influences numerous
physiological processes ranging from contraction of muscle and memory in
neurons to gene expression in many type cell types [1,2,3]. The spatiotempotal
organization of functional LTCCs, however, is difficult to investigate experi-
mentally because of methodological limitations [2]. In this study, we used
our 3-D continuummodel of Ca2þ signaling, buffering and diffusion in rat ven-
tricular myocytes to examine the effects of LTCCs ganging up in the sarco-
lemma during the cell excitation [4]. Model predicts that local and global
Ca2þ signals critically depend on the spatiotemporal location of Ca2þ influx
via persistent LTCCs, on the branched t-tubule topology and on the local dif-
fusion properties. We tested also the hypothesis that under physiological con-
ditions, the coupled gating of LTCCs may increase the activation probability of
Ca2þ-dependent proteins involved in contraction and cell excitability [2].
[1] Bers, Circ Res 106(4):625-626, 2010
[2] Navedo et al, Circ Res 106:784-756, 2010
[3] Inoue and Bridge, Circ Res 92:532-538, 2003
[4] Cheng et al., PLoS Comp Biol 6(10): article e1000972, 2010
Supported by NBCR (NIH grant 5P41 RR08605-17)
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Transverse (t) tubules optimise cardiomyocyte excitation-contraction coupling
by promoting cross-talk between L-type Ca2þ channels and ryanodine recep-
tors, and are disrupted in several cardiac diseases, leading to heart failure. A
unifying hypothesis is that t-tubule structure is altered by chronically varying
the mechanical load of the heart, consequently disrupting local Ca2þ-induced
Ca2þ release (CICR).
To test this hypothesis, rat hearts were unloaded for 4 or 8 weeks using hetero-
topic abdominal heart-lung transplantation, or overloaded for 6 or 10 weeks
552a Tuesday, February 28, 2012using thoracic aortic constriction. Left ventricular cardiomyocytes were iso-
lated enzymatically and studied using confocal microscopy.
Chronic overloading increased cardiomyocyte volume at 10 but not 6 weeks
(Control 45,34852373mm3, n=47 vs. OV 6 weeks 48,78552237mm3, n=60
vs. OV 10 weeks 56,06653091mm3, n=42; p<0.05) and disrupted t-tubule reg-
ularity, which was measured as the power of the dominant frequency of the
Fourier transform of Di-8-ANEPPS images (Control 1.6950.1x107, n=44 vs.
OV 10 weeks 9.4551.0x106, n=33; p<0.001), despite preserved Ca2þ tran-
sients. Unloading decreased cardiomyocyte size and induced time-dependent
Ca2þ transient changes. Ca2þ release synchronicity (measured by the variance
of the time-to-peak of the Ca2þ transient) was disrupted at 8 but not 4 weeks
(Control 269.6517.13ms2, n=106 vs. UN 4 weeks 331.6523.67ms2, n=46
vs. UN 8 weeks 403.5535.4ms2, n=50; p<0.01), as was the t-tubule regularity
(Control 1.5950.01x107, n=107 vs. UN 4 weeks 1.7550.1x107, n=53 vs. UN
8 weeks 1.150.0007x107, n=82; p<0.01).
We demonstrate that an increase or decrease in load results in time-dependent
disrupted t-tubule morphology. This can provide a mechanism for inefficient
CICR observed in chronic heart failure and the functional deterioration after
prolonged unloading of the heart using left ventricular assist devices.
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The transverse tubules (t-tubules) of cardiac myocytes facilitate a rapid and
synchronous contraction. Loss of t-tubule structure has been reported in several
animal models of cardiac failure and also in human heart failure. The loss of
t-tubule structure is thought to disrupt calcium induced calcium release and
contribute to impaired cardiac contraction.We sought to determine if a relation-
ship between contractile performance and t-tubule structure may contribute to
human heart failure. To test this idea we exploited the regional heterogeneity in
contractility found within the failing human heart. MRI analysis was performed
on patients with non-ischemic dilated cardiomyopathy awaiting a cardiac trans-
plant. Tagged MRI was used to locate regions of different fractional shortening
(circumferential strain) within the same heart. A model of the diseased heart
was then created using MRI images from which a sampling map was created
and used to sample tissue regions from the patient’s heart (at transplantation).
Using this methodology we were able obtain 14 tissue samples from 5 diseased
hearts with corresponding contractility data ranging from poor (%Sc 2) to near
normal function (%Sc 15). Tissue sections from these regions were labelled
with fluorescent wheat germ agglutinin (WGA) and imaged using confocal mi-
croscopy. Fourier analysis of WGA labelled t-tubule images was used to assess
t-tubule integrity of the cardiac myocytes using a modification of an established
technique. Briefly, the height of the peak in the power spectrum corresponding
to sarcomere spacing of t-tubules provided a metric of integrity (TT power).
The mean TT power showed a strong positive relationship with fractional short-
ening data (R2=0.61 p<0.001) suggesting that loss of t-tubule structure plays
a role in reduced contractile function in human heart failure.
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In cardiomyocytes, cytosolic Ca removal is mediated by sarcoplasmic reticu-
lum Ca ATPase (SERCA), sarcolemmal Na/Ca exchanger (NCX), plasmalem-
mal Ca ATPase and mitochondrial Ca uniporter (MCU). We quantified
spatiotemporal inhomogeneities in cytosolic Ca removal in normal and dis-
eased hearts and explored underlying mechanisms. Ca transients (1 Hz, Fluo-
4 AM) were recorded using confocal microscopy in ventricular cardiomyo-
cytes. Time constant of cytosolic [Ca] decay (tau_loc) was quantified at 1
mm intervals across the cell. In murine cardiomyocytes tau_loc distribution
was inhomogeneous, with a maximal difference between cell regions of
23759 ms and a variation coefficient (CV_tau) of 1452% (mean5S.E.M.,
n=10 cells). tau_loc was not releated to the local amplitude or release kinetics
of Ca. Coherent regions of fast (fastCaR, tau_loc<mean tau of whole cell) and
slow (slowCaR) Ca removal had similar widths (4.650.2 vs. 5.150.5 ı`m). For-
skolin accelerated, and SERCA inhibitor cyclopiazonic acid (CPA) inhibitedCa removal significantly more in slowCaR than in fastCaR. In contrast,
NCX-inhibitor SEA0400 slowed cytosolic Ca removal similarly in slowCaR
and fastCaR. Also, CV_tau was unchanged in NCXþ/- knock-out mice, sug-
gesting no contribution of NCX to dyssynchrony in cytosolic Ca removal. tau_-
loc distribution was also inhomogenous in pig cardiomyocytes. Ca removal was
more dyssynchronous in cardiomyocytes from chronic (4 weeks) ischemic pig
myocardium (peri-infarct zone) vs. sham-operated pigs (CV_tau 2451%vs.
2051%, n=57 cells/group, p<0.05).Simultaneous recording of Ca transients
and mitochondrial signal (mitotracker) unveiled a significant correlation be-
tween FastCaR regions and mitochondria (n=9 cells, p<0.05). Ru360 (MCU-
inhibitor) slowed tau_loc more in FastCaR (to 126512% vs. 112510% of
baseline in SlowCaR;p<0.05, n=5).Conclusion: Cytosolic Ca removal is dys-
synchronous in mouse and pig cardiomyocytes. Ca removal in chronically is-
chemic cardiomyocytes is more dyssynchronous, suggesting a potential new
mechanism of cardiomyocyte dysfunction. Mitochondria influence the differ-
ences in local Ca reuptake.
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Cardiac excitation-contraction coupling relies on calcium release from internal
stores (the sarcoplasmic reticulum -SR) via ryanodine receptors (RyRs), which
are intracellular calcium channels. Most RyRs are organized into clusters
within narrow dyadic junctions between sarcolemmal and sarcoplasmic reticu-
lum (SR) membranes. It is still unclear how junctions are formed and main-
tained. One protein that has been implicated in dyadic junction formation is
the cardiac isoform of the junctophilin family, junctophilin-2 (JPH2). With
the increased resolution available in multi-color super-resolution microscopy
it is now possible to investigate the nanoscale relationship between proteins
such as RyRs and JPH2 which are found within the junction. Using single flu-
orophore localization based super-resolution microscopy we have studied the
distribution of a number of such proteins in rat ventricular myocytes.
Analysing the peripheral distributions of the cardiac ryanodine receptor (RyR)
and a junctional protein, junctophilin-2 (JPH2), we have found that JPH2 was
almost completely associated with RyR clusters. Estimates of co-localization of
~89% between JPH2 and RyRs confirmed near complete colocalization within
peripheral couplons. The shape of associated RyR clusters and JPH2 clusters
were very similar, suggesting that JPH2 is dispersed throughout RyR clusters
and that the packing of JPH2 into junctions and the assembly of RyR clusters
are tightly linked. Our data shows, with nanoscale resolution, that junctophilin
is not constrained to specific anchoring domains within the junction, but is in-
terspersed throughout the entire area occupied by RyRs.
These results demonstrate the utility of fluorescent multi-colour super-resolu-
tion immuno-labeling to investigate protein proximity at the nanometer scale.
The ability to resolve the association of different molecules into the same bio-
logical structure at the nanoscale (here the dyad junction) should give new in-
sight into the assembly and function of macromolecular signaling complexes.
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The force frequency relationship has intrigued researchers since its discovery
by Bowditch in 1871. Several attempts were made to construct mathematical
descriptions of this phenomenon; from the simple formulation of Koch-
Wesser & Blinks in 1963 to the most sophisticated ones of present days.
This property of the cardiac muscle is amplified by the b adrenergic stimula-
tion. In a coordinated way the neurohumoral state alters both: frequency (acting
on the SA node) and force generation (modifying the ventricular myocytes).
This synchronized tuning is needed to meet new metabolic demands. Failure
to do so has deleterious consequences. We implemented this physiological co-
ordination in a new version of LabHEART (v5.5) where the cell parameters are
updated according to the frequency of stimulation in a sigmoidal fashion
(namely: ICaL, IKs, SERCA pump and myofilaments’ Ca-sensitivity). This
feed forward modeling helps to reproduce a more realistic cell behavior and
complement the information obtained by experiments where frequency has
been altered but without adding b-adrenergic agonists. Plots like rate-
adaptation or APD vs cycle length can, now, be mapped into the neurohumoral
state to provide insights about arrhythmias (or antiarrhythmic drugs). Cardiac
